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© PROGRAMMING SYSTEM FOR INTERACTIVE NUMERICAL CONTROL DEVICE. 



® A system for producing NC programs for inter- 
active numerical control devices. The operator de- 
fines forms of raw materials and parts (S1, S2) and 
specifies whether the secondary operations are in- 
cluded in a production process (S3) or not. The 
definitions of cut regions of primary working are 
performed in just the same manner as with an or- 
dinal double spindle lathe and the forms of the raw 



materials and the parts are drawn reversely in the 
secondary working (S6) to define the cut regions of 
the secondary working in images similar to the ones 
of the primary working (S7). On the basis of such 
definitions of the necessary working conditions, the 
interactive numerical control device outputs NC data 
for the secondary working and for the primary work- 
ing (S8) separately. 
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Technical Field 

The present invention relates to a method of 
programming an interactive numerical control ap- 
paratus, and more particularly to a method of pro- 
gramming an interactive numerical control appara- 
tus for simultaneous generation of numerical con- 
trol (NC) data for primary and secondary machining 
operations. 

Background Art 

When interactive numerical control apparatus 
are to be programmed, the operator inputs numeri- 
cal data in answer to questions as to necessary 
items according to a procedure, or selects a de- 
sired item from a displayed menu. Such an inter- 
active programming method is widely used to gen- 
erate machining programs for various numerically 
controlled machine tools because it allows even 
notice operators to generate the programs by using 
data from drawing figures and other sources. 

Some interactive numerical control apparatus 
employ symbolic keys for entering shape elements 
to input blank and part shapes. Specifically, the 
shape of a part is inputted using horizontal lines, 
vertical lines, oblique lines, and arcs to generate a 
machining program. The use of such symbolic 
keys allows part shapes to be inputted easily for 
efficient generation of NC programs. 

Computerized, numerically controlled latches 
with a plurality of machining heads for higher ma- 
chining efficiency include a two-spindle, two-turret 
four-axis lathe having two parallel spindles. Usually, 
a workpiece is machined by the two-spindie, two- 
turret four-axis lathe such that one end of the 
workpiece, which is held by one of the heads, is 
machined in a primary machining operation, and 
thereafter the workpiece is held by the other head 
and its opposite end is machined in a secondary 
machining operation (which may also be referred to 
as a backward machining operation). 

FIG. 11 of the accompanying drawings sche- 
matically shows the manner in which a workpiece 
is machined by a two-spindle, two-turret four-axis 
lathe. First, a workpiece 42a held by a chuck 41a is 
machined to a desired shape by a tool 44a moun- 
ted on a turret 43a in a primary machining opera- 
tion. Then, the machined workpiece 42a is released 
from the chuck 41a and held, as a workpiece 42b, 
by another chuck 41b. The workpiece 42b held by 
the chuck 41b is machined to a desired shape by a 
tool 44b mounted on a turret 43b in a secondary 
machining operation. 

According to the conventional method of pro- 
gramming interactive numerical control apparatus, 
NC data for a primary machining operation and NC 
data for a secondary machining operation are gen- 
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erated separately from each other. Therefore, the 
interactive numerical control apparatus must be 
programmed separately on the NC data for the 
primary and secondary machining operation even if 
5 one final part shape is to be achieved. Such a 
programming process has been inefficient to carry 
out. 

Disclosure of the Invention 

w 

In view of the aforesaid drawbacks of the con- 
ventional method of programming interactive nu- 
merical control apparatus, it is an object of the 
present invention to provide a method of program- 

75 ming an interactive numerical control apparatus by 
defining a final part shape and producing NC data 
automatically separately for respective primary and 
secondary machining operations. 

To achieve the above object, there is provided 

20 in accordance with the present invention a method 
of programming an interactive numerical control 
apparatus by inputting data through keys, which 
correspond to a machined shape, on a control 
panel, and answering questions displayed on a 

25 display screen, to generate a numerical control 
program, the method comprising the steps of defin- 
ing a blank shape and a part shape, indicating a 
primary machining operation or a secondary ma- 
chining operation for a machining type to be de- 

30 fined, defining a cutting region for the indicated 
primary or secondary machining operation, and 
outputting numerical control data separately for the 
respective primary and secondary machining oper- 
ations, based on the defined part shape, the de- 

35 fined machining type, and the defined cutting re- 
gion. 

The operator first defines the blank and part 
shapes, and indicates primary and secondary ma- 
chining operations for a selected machining type, 

40 or only a primary machining operation with no 
secondary machining operation. If there is a secon- 
dary machining operation selected, a cutting region 
for the primary machining operation is defined in 
the same manner as with an ordinary two-axis 

45 lathe. For the secondary machining operation, the 
blank and part shapes are displayed in reverse, 
and a cutting region for the secondary machining 
operation is defined in the same manner as the 
cutting region for the primary machining operation 

so is defined. Based on the necessary data and ma- 
chining conditions that are defined, the interactive 
numerical control apparatus outputs numerical con- 
trol data separately for the respective primary and 
secondary machining operations. 

55 

Brief Description of the Drawings 

FIG. 1 is a flowchart of a programming method 
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according to the present invention; 
FIG. 2 is a block diagram of a hardware arrange- 
ment of a numerical control apparatus to which 
the present invention is applied; 
FIG. 3 is a view showing a display screen of an 
interactive numerical control apparatus, the dis- 
play screen displaying a blank shape and a part 
shape; 

FIG. 4 is a view showing a display screen of the 
interactive numerical control apparatus, the dis- 
play screen displaying soft keys for selecting 
primary and secondary machining operations; 
FIG. 5 is a view showing a display screen of the 
interactive numerical control apparatus, the dis- 
play screen displaying soft keys for selecting 
machining types; 

FIG. 6 is a view showing a display screen of the 
interactive numerical control apparatus, the dis- 
play screen displaying tool data; 
FIG. 7 is a view showing a display screen of the 
interactive numerical control apparatus, the dis- 
play screen displaying a cutting direction; 
FIG. 8 is a view showing a display screen of the 
interactive numerical control apparatus, the dis- 
play screen displaying cutting conditions; 
FIG. 9 is a view showing a display screen of the 
interactive numerical control apparatus, the dis- 
play screen displaying a cutting region; 
FIG. 10 is a view showing a display screen of 
the interactive numerical control apparatus, the 
display screen displaying a cutting region in a 
secondary machining operation; and 
FIG. 11 is a schematic view illustrative of a two- 
spindle, two-turret four-axis lathe. 

Best Mode for Carrying Out the Invention 

An embodiment of the present invention will 
hereinafter be described with reference to the 
drawings. 

FIG. 2 schematically shows a hardware ar- 
rangement of a numerical control apparatus to 
which the present invention is applied. The numeri- 
cal control apparatus includes a processor 11 for 
controlling the numerical control apparatus in its 
entirety according to a system program that is 
stored in a ROM 12. The ROM f2 may comprise 
an EPROM or an EEPROM. The numerical control 
apparatus also includes a RAM 13 such as an 
SRAM for storing various data and input/output 
signals, and a nonvolatile memory 14 such as a 
CMOS backed up by a battery, for storing param- 
eters, pitch error compensation values, and tool 
compensation values that should remain stored 
after the power supply of the numerical control 
apparatus is turned off. 

A graphic control circuit 15 converts a digital 
signal into a display signal, and applies the display 
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signal to a display unit 16. The display unit 16, 
which may comprise a CRT or a liquid crystal 
display unit, displays axis positions, input/output 
signal statuses, parameters, etc. A control panel 17 

s such as a keyboard or the like is used to input 
various data or control a machine tool 19. 

A PMC (Programmable Machine Controller) 18 
receives an output signal over a bus 20, and pro- 
cesses the output signal according to a sequence 

w program to control the machine tool 19. The PMC 
18 also receives an input signal from the machine 
tool 19, processes the input signal according to the 
sequence program, and transfers the processed 
signal to the processor 1 1 over the bus 20. 

75 The above components of the numerical con- 
trol apparatus are interconnected by the bus 20. 

Various other components including servoam- 
plifiers, servomotors, spindle amplifiers, and spin- 
dle motors are omitted from illustration in FIG. 2. 

20 Instead of the single processor 11, a plurality of 
processors may be employed as a multiprocessor 
system. 

FIG. 3 illustrates a display screen of an inter- 
active numerical control apparatus, the display 

25 screen displaying a blank shape and a part shape. 
The display screen, indicated by 31, displays a 
blank shape 32 represented by the dotted lines and 
a part shape 33 represented by the solid lines. The 
blank shape 32 and the part shape 33 are entered 

30 and defined by the operator, either using symbolic 
keys on the control panel 17 or in answer to 
questions displayed on the display screen. When 
the blank shape 32 and the part shape 33 are to be 
defined, it is not necessary for the operator to be 

35 concerned with the primary and secondary machin- 
ing operations, but to define a final part shape. 
After the data of the blank shape 32 and the part 
shape 32 have been entered, the operator presses 
a soft key 34 for a next page to go to a next 

40 display screen. 

FIG. 4 shows a display screen of the interactive 
numerical control apparatus, the display screen 
displaying soft keys for selecting primary and sec- 
ondary machining operations. The display screen, 

45 indicated by 35, displays soft keys 36, 37 for 
selecting primary and secondary machining oper- 
ations to define a machining type. To select the 
primary machining operation, the operator presses 
the soft key 36 for the primary machining opera- 

so tion. To select the secondary machining operation, 
the operator presses the soft key 37 for the secon- 
dary machining operation. When the soft key 37 for 
the secondary machining operation is pressed, the 
message "SECONDARY MACHINING" should 

55 preferably be displayed for the convenience of the 
operator in the subsequent control process. 

FIG. 5 shows a display screen of the interactive 
numerical control apparatus, the display screen 
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displaying soft keys for selecting machining types. 
A desired machining type can be selected and 
defined by one of soft keys displayed on the dis- 
play screen, indicated by 46. In FIG. 5, a rough 
profile machining type is selected by a soft key 47. 

FIG. 6 shows a display screen of the interactive 
numerical control apparatus, the display screen 
displaying tool data. The operator inputs tool data 
in answer to questions displayed on the display 
screen, indicated by 49. Depending on the selected 
machining type, registered tool data are automati- 
cally displayed when the operator inputs a tool 
identification number. 

FIG. 7 shows a display screen of the interactive 
numerical control apparatus, the display screen 
displaying a cutting direction. A cutting direction is 
inputted by the operator using ten numeric keys on 
the control panel 17 or soft keys displayed on the 
display screen, indicated by 51. In FIG. 7, a down- 
ward cutting direction is selected by a soft key 52 
with a downward arrow on the display screen 51 . 

FIG. 8 shows a display screen of the interactive 
numerical control apparatus, the display screen 
displaying cutting conditions. Cutting conditions of 
a machining step are displayed on the display 
screen, indicated by 54. The displayed cutting con- 
ditions may be corrected as necessary. 

FIG. 9 shows a display screen of the interactive 
numerical control apparatus, the display screen 
displaying a cutting region. The display screen, 
indicated by 56, displays a blank shape repre- 
sented by the dotted lines and a machined shape 
(part shape) represented by the solid line. In an- 
swer to a displayed question as to a direction of 
division, the operator moves two blinking cursors 
(not shown) on the display screen to indicate ma- 
chining starting and ending positions on the dis- 
played machined part. A hatched region 57 is 
indicated by the cursors, and will be cut off in a 
rough profile machining process, which is a pri- 
mary machining operation. 

FIG. 10 shows a display screen of the inter- 
active numerical control apparatus, the display 
screen displaying a cutting region in a secondary 
machining operation. The display screen, indicated 
by 59, also displays a blank shape and a part 
shape, but differs from the display screen 56 
shown In FIG. 9 in that the blank and part shapes 
are displayed in reverse to facilitate the definition 
of a cutting region in a secondary machining op- 
eration. A cutting region in a secondary machining 
operation is displayed upon selection of the secon- 
dary machining operation in the definition of a 
machining type as shown in FIG. 4. 

FIG. 1 is a flowchart of a programming method 
according to the present invention. The numerals 
following the letter "S" below indicate step num- 
bers. 



[S1 ] A blank shape is defined. 
[S2] A final part shape is defined (see FIG. 3). 
[S3] A primary machining operation or a secon- 
dary machining operation is selected (see 

5 FIG.4). 

[S4] A machining type is defined. In the illus- 
trated embodiment, a rough profile machining 
process is selected (see FIG. 5). 
[S5] This step determines whether a primary 

70 machining operation or a secondary machining 
operation has been selected. If the secondary 
machining operation has been selected, then 
control goes to a step S6, and if the primary 
machining operation has been selected, then 

75 control jumps to a step S7. The stop S5 is 
automatically carried out in the programming 
apparatus based on the selection made in the 
step S3. 

[S6] If the secondary machining operation is 
20 indicated, the blank and part shapes are dis- 
played in reverse. The step S6 is also automati- 
cally carried out in the programming apparatus. 
[S7] Tool data, a cutting direction, cutting con- 
ditions (see FIGS. 6 through 8), and a cutting 
25 region are defined. If the primary machining 
operation has been selected, then a cutting re- 
gion is defined along a machined shaped as 
shown in FIG. 9. If the secondary machining 
operation has been selected, then a cutting re- 
30 gion is defined on the display screen as shown 
in FIG. 10, in which the blank and part shapes 
are displayed in reverse, in the same manner as 
when the primary machining operation has been 
selected. 

35 [S8] First, NC data are outputted for the primary 
machining operation, and then NC data are out- 
putted for the secondary machining operation. 
While the method of programming an inter- 
active numerical control apparatus has been de- 
40 scribed in the above embodiment, the present in- 
vention is also applicable to a programming meth- 
od for an automatic programming apparatus. 

With the present invention, as described above, 
a part shape is defined, a primary machining re- 
45 gion and then a secondary machining region are 
defined, and NC data are outputted separately for 
respective primary and secondary machining oper- 
ations. The method of the present invention makes 
a programming process much more efficient than 
so would if an interactive numerical control apparatus 
were programmed separately on the NC data for 
the primary and secondary machining operations 
regardless of one final part shape to be achieved. 

55 Claims 

1. A method of programming an interactive nu- 
merical control apparatus by inputting data 
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through keys, which correspond to a machined 
shape, on a control panel, and answering 
questions displayed on a display screen, to 
generate a numerical control program, said 
method comprising the steps of: 5 

defining a blank shape and a part shape; 

indicating a primary machining operation 
of a secondary machining operation for a ma- 
chining type to be defined; 

defining a cutting region for the indication 10 
primary or secondary machining operation; and 

outputting numerical control data separate- 
ly for the respective primary and secondary 
machining operations, based on the defined 
part shape, the defined machining type, and 75 
the defined cutting region. 

2. A method according to claim 1, further includ- 
ing the step of: 

displaying the blank shape and the part 20 
shape in reverse and defining a cutting region 
for the secondary machining operation if the 
secondary machining operation is indicated. 
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